The reliability of medical laboratory services is still a major challenge in sub-Saharan Africa.
The reliability of medical laboratory services is still a major challenge in sub-Saharan Africa. 1 Several quality improvement initiatives in sub-Saharan Africa have focused on medical laboratory accreditation, [2] [3] [4] but achieving practical and sustainable laboratory accreditation has been a major challenge. 5, 6 To address this challenge, the World Health Organization Regional Office for Africa (WHO AFRO) established a stepwise approach for laboratories to attain the required outcomes. This approach undertakes a series of evaluations aimed at demonstrating a sequence of improvements. 5 ISO 15189 is a quality assessment/management system recommended by the WHO AFRO, 7 but most sub-Saharan African public sector laboratories, to varying extents, have failed the accreditation process. 2 The authors conducted an opinion survey to specify barriers to accreditation and followed up the survey with in-depth interviews of laboratory heads, laboratory quality officers, and hospital medical directors in surveyed hospitals to elicit their specific concerns regarding challenges that interfere with ISO 15189 accreditation.
Materials and Methods

Survey Setting
Between March and May 2017, the authors surveyed laboratorians in 12 Ethiopian governmental hospitals from three districts (Addis Ababa, Debrebrhan, and Bishoftu), whose laboratories had participated in the Strengthening Laboratory Management Toward Accreditation/Stepwise Laboratory Improvement Process Toward Accreditation (SLMTA/SLIPTA). One of the 12 hospital laboratories had successfully received ISO 15189 accreditation, two had been rated at a 4-star level, two at a 3-star level, four had been given a 2-star rating, and three had received 0 stars.
Survey Design
From 295 laboratory professionals, a sample size of 184 (62%) was calculated using a finite population formula and proportional sampling technique: 175 responded (95%). Respondents' demographics, educational levels, experience, and positions appear in ❚Table 1❚. They were asked to place the relative influence of each of 22 factors that could affect the ISO 15189 accreditation process into one of six categories: "not at all," "very small degree," "moderate degree," or "do not know"; the cumulative responses appear in ❚Table 2❚.
Interview Design
Eleven of 12 laboratory heads, 10 laboratory quality officers, and three hospital medical directors were interviewed regarding factors affecting accreditation. Their responses were captured by audio recorder then transcribed. To maintain confidentiality, respondents' facilities were coded by letter (A to L).
Data Analysis
Survey responses were entered and checked for consistency using EPI-Data3.1, then analyzed by SPSS version 20. The opinions and observations from the in-depth interviews were categorized into groups of similar ideas and summarized. 
Permissions for the Study
Results
Background Characteristics of the Study Participants
Out of 184 questionnaires distributed, 175 were completed, giving a response rate of 95%. For qualitative data collection, 11 laboratory heads, 10 quality officers, and three medical directors were interviewed. As shown in Table 1 , the majority of respondents were males, age below 40 years, with less than 10 years of experience, and bachelor of science degree holders.
Survey Result
Accreditation Awareness and Participation
Of 175 respondents, 138 (79%) had been involved in ISO 15189 accreditation processes. Of the 138, 70 (40%) had prepared documents and 36 (20.6%) described themselves as involved in the ISO 15189 accreditation process "in more than one way" ❚Table 3❚.
Training and Mentorship
Slightly more than half (90, 51.4%) of respondents had either general laboratory quality management system (LQMS) or more-specific accreditation training, 36 (20.6%) of respondents reported that external consultants/ mentors had assisted their laboratories in the accreditation process to a "large" (32) or "very large" (four) extent, 74 (42.3%) of respondents reported "moderate" assistance from consultants/mentors, and 45 (25.7%) reported either "very small" (28) or "no" (17) external help. Twenty respondents (11%) did not know about any external consultation or mentoring (Table 3) .
Perception by Staff Members of Factors Affecting Medical Laboratories' Accreditation Process
Half or more of respondents identified six challenges as obstructing accreditation to a "large" or "very large" degree: (1) lack of top management support (50.5%), (2) absence of training in LQMSs (51%), (3) inadequate space and utilities (infrastructure) (51.4%), (4) "massive" ISO 18189 documentation requirements (also 51.4%), (5) insufficient mentorship/ technical assistance (55.5%), and (6) excessive workload associated with accreditation (68.3%) ( Table 2) .
A minority of staff members singled out other factors that contribute to implementation difficulties: 78 (44.5%) reported that the high cost of LQMS implementation adversely affected accreditation efforts to a "large" or "very large" degree, and 71 (40.8%) of participants thought that the high turnover of trained staff also struck at the accreditation process's effectiveness to a "large" or "very large" degree ( Table 2) .
Interview Results
The in-depth interviews of laboratory directors revealed: (1) a majority of laboratory head interviewees agreed that top management's understanding of laboratory testing was poor; (2) all laboratory head interviewees found that inadequate infrastructure, equipment quality, and reagent/consumables not available or of poor quality were pervasive obstacles to accreditation; and (3) the majority of interviewees agreed that high staff turnover was a major obstacle to quality management and accreditation.
Medical Laboratory Equipment
All laboratory heads agreed that poor-quality equipment compromised laboratory service and obstructed the accreditation process. A majority of laboratory heads explained that the Ethiopian National Metrology Institute was not certified to calibrate critical medical laboratory equipment, including biological safety cabinets, centrifuges, and balances. Bringing other accredited calibrating agencies in from outside the country was a costly process for individual laboratories, which ISO 15189 standards required. Performance of equipment supplied by the Ethiopian Pharmaceutical Fund and Supply Agency (PFSA) was in general impossible to validate; some were bought without calibrations; for others, controls and reagents could not be obtained.
Laboratory Reagents and Supplies
All laboratory heads agreed that insufficient quality and quantity of consumable supplies obstructed accreditation because supply failures forced service interruptions, which prevented accreditation under ISO 15189 standards. The majority of laboratory directors linked these failures to a dysfunctional Food, Medicine, and Health Care Administration and Control Authority (FMHACA) public sector supply chain. Both laboratory heads and laboratory quality officers also cited the national PFSA as another large obstacle to ISO accreditation. The FMHACA gave trade licenses to suppliers of poor-quality
Training and Mentorship
The laboratory heads of hospitals B and C reported that most of their staff, including the laboratory heads themselves, lacked LQMS and accreditation training. The laboratory head of hospital I also observed that training materials are not regularly updated. As explained in detail by the quality officer of hospital E, "the quality and quantity of training regarding the LQMS is not as expected." In particular, training did not include all staff.
Staff Turnover and Low Job Satisfaction
The majority of the laboratory heads agreed that high turnover of trained and experienced laboratory staff adversely affected the accreditation process.
Most of the laboratory heads related high turnover rates to low job satisfaction. The laboratory head at hospital D concluded, "experienced laboratory professionals always think about joining other fields like innovative medicine, getting a masters of public health, and joining nongovernmental organizations."
Infrastructure (Facility) Defects
All interviews cited old and small laboratory facilities as a big challenge. As a laboratory head at hospital E said, "the laboratory buildings design and setups are too old which is difficult to fulfill requirements of ISO standards but during the assessment process, the assessors were even asking whether the building has smoke detector or not which was actually impractical even in the country." As added by the laboratory head of hospital G, "the facility we are working in is too old that did not consider the increasing patient flow and difficult to fulfill the ISO requirement. The laboratory store was too narrow which does not fulfill ISO 15189 standard."
The ISO 15189 Assessment Process
The accreditation activity itself seemed to some quality officers to have become counterproductive. The quality officer of hospital L described, "Most areas in which we lost points during the assessment process were out of the scope of the laboratory. For example, as it was costly to bring internationally certified calibrating agencies from out of the country, the biological safety cabinet was calibrated by the national calibrating office, but this office itself was not accredited by other authorized body; points were lost in this part. I personally believe any concerned body is better to think over it and modify theoretical questions that are not applicable in the actual facilities, so some nonrealistic requirements should be considered by any stakeholder for quality laboratory service as well as better accreditation status. If those nonconformities due to the mentioned challenges were fulfilled, we could have been on 5-star level because in our current assessment result our laboratory is 5 points below the 5-star requirement."
Discussion
Slightly more than half of 175 laboratory professionals surveyed identified six challenges that are major obstacles to ISO 15189 accreditation of Ethiopian laboratories: low management support, inadequate training, insufficient infrastructure, excessive documentation, little mentorship, and increased accreditation-related workload. In interviews, 11 laboratory heads, 10 quality officers, and three medical directors agreed with the surveyed professionals regarding these obstacles and added three more: poor equipment, unavailable/poor quality reagents, and high staff turnover.
Literature Review
Others report similar experiences. In a different African setting, Ndihokubwayo et al 8 found that, although the SLIPTA process has been widely accepted and notable improvements made in some settings, the process runs up against major obstacles that defeat it in African circumstances. In Iran, Ravaghi et al 9 also concluded that, specifically, there is inadequate "policy level" support and that the behavior of assessors themselves obstructs the accreditation process. A study by Guevara et al 10 in the Caribbean region also found the ongoing challenges of ensuring an adequate number of well-qualified laboratory professionals was exacerbated by high levels of attrition as staff left the public laboratory sector for more lucrative jobs in the private sector, either locally or overseas.
Respondents in our study wondered what advantages accreditation can bring for them, in return for the extra workload required. Both Ravaghi et al 9 in Iran in 2014 and McGrowder et al 11 in Jamaica in 2010 found lack of motivation of laboratory professionals to be a major challenge to laboratory accreditation efforts. In contrast, a study from Lebanon, by El-Jardali et al 12 in 2014, found that accreditation was an impetus to better performance. In our study, while some respondents thought that laboratory staff gradually became more supportive of the accreditation process, more respondents reported that laboratorians continued to consider accreditation as an extra burden that is imposed on them without any extra benefit. Of interest in this context, the factor with the highest score as a major challenge to accreditation in our survey was accreditation-related "workload." Two-thirds of survey respondent (67%) regarded such "workload" as obstructive of accreditation, either to a large degree (39.7%) or to a very large degree (28.6%). Along these lines, similar opinion research, in China, agreed with the current study that laboratory professionals still did not realize the usefulness of accreditation in return for otherwise "extra" work required by the accreditation process. 13 A study from Lesotho also reported that negative staff perception of accreditation participants affected the process.
14 A literature review from Canada (updated in 2009) also documented that laboratorians found the accreditation process stressful, time consuming, and wasteful of invested resources. 15 A more recent systematic review (2012) and a 2015 opinion survey by Ravaghi and Abolhassani from Iran also supported the findings from our opinion survey that laboratory staff complained particularly that the accreditation process above all increased workload.
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Training Deficits
Slightly more than half of our survey respondents had training experience in LQMSs, the ISO 15189 accreditation process, or both. Our respondents believed that training was inadequate in quality and quantity and that training manuals were not updated to the current situation. Another of Ravaghi and Abolhassani's Iranian studies also argued that training manuals are inadequate and that standards, related checklists, and technical guidelines based on international standards fail to consider a country's context and fail to facilitate accreditation. 17 Along these lines, lack of training manuals for tests like stool examination, urinalyses, and blood film examination makes fulfilling accreditation requirements difficult. The majority of our respondents agreed that the training currently delivered was hard to apply in real laboratory settings. Previous papers from Ethiopia, by Sisay et al 18 and by Hiwotu et al, 19 reported that training inadequacy was a major challenge for laboratories participating in SLMTA/ SLIPTA programs. A study from Kenya agreed with our survey respondents that, besides inadequate training, poor-quality mentorship retarded accreditation.
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Equipment/Infrastructure Deficits
The majority of our survey respondents regarded technically poor-quality equipment and absent or poor-quality reagents as major defects inhibiting the accreditation process. Specifically, some equipment did not meet accreditation standards because of an absence of verification documentation or calibrator materials. For other instruments, controls and reagents were hard to obtain. In particular, equipment received from the country's equipment supply agency was incompatible with the actual laboratory environment, and the supplied instruments necessarily failed accreditation standards regarding calibration and reagent disposal. Previous reports from Jamaica and Lebanon, cited above, have also highlighted defective equipment as a major obstacle to accreditation success. 11, 12 In our survey, respondents generally agreed that the challenges related to laboratory equipment performance and availability of supplies were the main reason for interrupted testing. Testing interruptions, in turn, precluded laboratories' meeting accreditation requirements. The majority of our survey respondents said that facilities (infrastructure) of their laboratories were too old or too small to meet requirements of the ISO 15189 standards. Sisay et al 18 and Mesfin et al 21 also reported that poor laboratory design and low infrastructure quality contribute to failure in the accreditation process.
Problems With the Assessment Process Itself
Finally, the assessment process itself is a challenge for laboratories using the WHO AFPO checklist. Key informants confirmed that most areas in which accreditation points were lost during the assessment were for defects out of the scope of the laboratories to remedy. If nonconformities due to these irremediable defects were removed from the assessment, some laboratories that failed could have reached a 5-star performance level. As the authors of a South African study noted, auditors and people actually working in laboratories frequently have different attitudes toward such out-of-scope quandaries.
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Conclusion
The survey and interviews presented in this paper converge on a consensus. (1) Regarding administrative barriers, in most of the hospitals, the awareness and support by hospital management of laboratory accreditation is absent. In the eyes of laboratory staff, the accreditation status of the public medical laboratories in sub-Saharan Africa is difficult, unstable, and of questionable value to them. At the same time, Ethiopia's health system is not ready to support/facilitate the laboratory accreditation process. (2) Cited personnel obstacles to accreditation include: high turnover of laboratory professionals, their poor training, inadequate training materials, and low job satisfaction. Laboratory staff consider accreditation as an extra burden and most likely a one-time achievement involving special efforts that are abandoned after the assessment process. (3) On the nonpersonnel side, the infrastructure of most laboratories, the performance of laboratory equipment, and availability and quality of supplies are also inadequate to the challenges from the accreditation process.
To make ISO 15189 accreditation a functional process that promotes laboratory quality improvement, significant but surmountable difficulties that must be overcome are: (1) inconsistent support from extralaboratory management; (2) inadequate infrastructure (infrastructure understood as laboratory space and utilities); (3) defective equipment and inadequate equipment maintenance; (4) similarly defective consumable supply chains, which result in insufficient reagents not only for quality control but also for daily testing; (5) relative scarcity of motivated, stable, trained staff willing to invest careers in laboratories; (6) insufficient technical assistance (training and "mentorship") for these staff as they prepare for accreditation; and (7) excessive, sometimes futile documentation requirements of the ISO 15189 process itself. These items must be addressed, if only to overcome the negative attitudes toward the ISO 15189 accreditation process that their presence has produced.
